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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a nitride 
semiconductor device with reduced crystal defects inside 
and reduced stress, and also to provide a semiconductor 
optical device provided with the nitride semiconductor 
laser device. 

SOLUTION: On the surface of an n-type GaN substrate 
10 which consists of low dislocation regions 12 and 
dislocation concentrated regions 11 wherein crystal 
defects are heavily concentrated, which are arranged 
alternately in the stripe geometry, a growth suppression 
film 13 for suppressing the growth of a GaN crystal is 
so formed as to cover the dislocation concentrated 
regions. On the n-type GaN substrate formed with the 
growth suppression film 13, a GaN crystal is epitaxially 
grown to form a nitride semiconductor layer on the 
n-type GaN substrate, resulting on fabricating a nitride 
semiconductor laser device having a low concentration of 
crystal defects. 
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[#!*«*?> ISH] 

[a** i ] mwfo^fcmm. t , nait<to¥m#& 

* fin K , fif t»#i{wi o s« * jwr a *« 
mfc&vm\m&mn t titzmumit®*&#mi±izm 

l»**3] i»E&l^#^«ttu*tL.TI9:«t<b*t*: 
»«S*«o*«»«I©«tl«lllt**fc*fc*«* 

[it** 4 ] m&ft&^sttSftoisiMftt*' n a 

*EJS«qi«lit*tteH-* <t d u, lWEfiffcl&^MMfr* 

4dt£#»i:-t4w*JBi -w*ai3«>v»i**t*i3j»K 

EftoSfl:**** 1^ — V&f-o 
[W**5] !WEna!oejW*tt**1-*GaNilO 

4W**4 KB«©»fc»iN»flEV---WT- 0 
[»** 6 ] B*Efi£^PPiWJ]il<DlB£l?56 J 0 . 0 5^mH 

± 1 ^ mjeiiT-e** - 1 -r 4n** 1 -»** 
[1***71 i*EAJuqiffliJta f * ->'; = >fk-&!»ii, 

[»**8] ttEJftftWWllri*. S i SiaN 

ttittti:, fSr&tedrtn nxGai-,N (0<x< 
1) UJ:»)«JK$*J.*#p»***-r4CtS:«F*t-r 
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(2) 2003-133649 

2 

[E!**10] As. PiSlOfSbWjcjlfffon^ 
tU'fft^x^ iWEiStel 4^ 

t « t a** 9 (;E«oafb*#*ff u — 

To 

[»** 1 1 ] «rESit^#*#:^«7>*G a N*«T? 

*4c«!:^!if^t-r4a*ai ~«t**i oov>fn*> 

4 ea u , at b&¥*tM* a o^s 4 tsfia 

mf&mwmm&mtf h *tJtiWEafk!»*j»#*«±^iw 
Eaffc»¥*to»a*r*ft$-£*£ fc-c, ffrEafk%¥ 

[SM13] ttE£ft»tUK*«rEafb«#*tt£ 

fc#UR t -r 4 C t S: «f» t i" 4 af U — «f 

ist** 1 4 ] «rEa^!»#*#»«oe3Mftt*» n 

StEIKfi:*«t»a«S:lWEJa««iWi|-C«« Lfc», R)£ 

jo mnmwk*ms.-tz> a k, ^Eaib%#*#^«co* 

E±Hnffl<0fES#14**'i-4G aNIRWL, 
ffM^tL^fgG a NJH<0*BDJiUlMrEa<t»#*#:«* 
?:)£S$-<i-4^i:T-, «rEftfk«ff**fM*««-i-* i 
t^#mti-4R*5l 3Xli«*JRl 4tiE«<oa-fk 

[If** 1 5 ] S** 1 -SI** 1 1 <0V>1* ftjWlE 

e<oa<k^#*# u-f*?*** ti-4ci^^t 

i-4**#*^So 
[H^oM^^l 

40 [0 0 0 1 ] 

zmvto*m#-i'— y-'^t-eosajft^s^-^afk 

U - -if * ffl v» *S#5fe^^S K'Hti. 
[0 0 0 2] 

[&*<0*£#r] AK Ga, I n^coi I I^tc^ 

50 ^tu«i?<i, j£ffl*«K*<b*tr*fco 
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3 

t7 7-fTS15 (A I2O3) i CifilCG aN| 

[0 0 0 3] L^L&rt ? 6, *7 7>fr*S, S i 
S±CG a N^SI^^I^-^^ tGa N fc*«*t» 
tOffl^fgtoa^^ib, tefifcfc OfcPB** 
xif^ytiHi:|A?nSo -tot W^KoSiS 

0|^*«ffcW**# U - 4- 0J m L T 

[0 0 0 4] £*lfctf>j£J: GaNl^ftf^^ 
UfflV**afcKtt, GaN*i»a-Cft4Ct#li8»t* 
ho -tor, *«t««U««S*i*#«i:OH*-i3Jt 
&teT-5elfco;gv^fc< 4^,0 X, G a Nti»BB14* f * 

fc. G a NfcflK 9 **E** f *«ftSix 

[0 0 0 5] ^<OJ:^iGaNW B [:J:^.GaNiS 

— F #?0 f , v /*~-X= v -v - = * 7 = T 7° 9 
O = 7r>'7^^39fL 6 4 7 -L 6 5 0I (Jp 
n. J. Appl. Phys. Vol. 39 (200 
0) pp. L 6 4 7 - 6 5 0) ~e^£*tTV^ 0 1(0 

mm^fe^-*fm*i*. GaNM±i:»i^ 

[0 0 0 6] :OG aN*«0«jftl::W\ 

ftftjft-b^ MOCVDft (Metalorganic Chemical Va 
por Deposition) \Z£ *9 > 1 5^mf<7)G aNiii* 
U «®7^ifi&^i^-£r#7j 0 -*UJ, ELOG 
(Epitaxial ly Lateral Overgrown) 1 0?(£tl&t£ffif T* 

X'&ho 2 blZ, ii#C0HVPEffi (Hydride Vapor Ph 
ase Epi taxy) l<Z £ V) 2 0 0 /n mlPO G a NJf Srff^ 

«b*L^:#»#:V— 6 0t:(C^v^T3 0 
mWOffiJ^ *7E*ffrl 5 0 0 0Hffll:iot 
[0 0 0 7] 

3@0^ B B a ^:S (HVPEffig, MOCVDTM 

ft, MocvDi/-fiMg) wiat^^ « 



(3) #M 2003-133649 

4 

53"Cft<, ^"b(;^5ST*ie5ai* («*.(*, 7 01C 6 0 
mW) ^^T-W^#tt^+^T*4-^o7to X, Sit 

[0008] ;nf>oF=iiii, aft**»fltp— 

^<0it«*^^U^^ o X, G a N^«|*Ii5^v>|±G a 

[0009] :oj:i4(«t«*r, rt» 
[0010] 

30 izmmt **fi Lfc*«-e*4 1 1 *> tfriaaftw* 

[0011] :»^i:ti:tt% Sfb^+S^S^ 
mm- b <o^ B B B ^fi? -e* £ tefiofrM t amqiMgi-rni 

[00 12] COJ:dftafl:»*i»frV— f^UiJVi 
«rE*ft»Wit*«tt»t f> *i& 1 1 i> tc, Kttft*&<ojft 

<b^s-r^afb^*^ B B H^^-L^ < ft i) , ««o 

50 Sfa^tt^LTv^ftv^^Ig-Cttfttt^iMiintJl $h 
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[0 0 13] zat&. «rE^IE(a««t>«*«c*tLris 
It <b iXJtttEttSt^OJSftWWII* 1 , -€-<o«j>r 1 fx m 

i a« mm± i o ft mJ-;iTT-¥fT(-3£A,-ceffi1-£ iii: 

[0 0 14] X. T»BEttft»*i»flt*«OiE*l*tt«: n 
1*tt**-r4GaNDt*B*1-*CfcUJ:o-C, SSMrt* 

M^mtem^coftmmnftgkkv&nimi® cz t 

fe»1*tt**-t-4GaNitOiW*, I ft mHX±.2 0 ft 

[0015] ^riefiKfiPPiU^oBiJ?^ o. o 5 M m 

4ttti:. Jftft«iWBlUJ:*«»«rl»<-o X, mriSfife 
Ii:. iWfBjSftWlUfl!*, s io 2 i, s is 

f -So 

[0 0 16] ±2lfcttflft4MMtl'-" •J'JlfT-Uilv* 
fete, n«Gai-,N (0<x< 1) (:!•) 

5t;> As, PiSi^S bWxfffO^ *>4>&< t <>v> 

[o o 1 7] x, *fmnmtt»**i*i'--vm*'>9k 

5X h5-f ^*0|Effi*«t>«*i:«<Ett*+**«:|!fe< 

<o gfes * mm-t h &fmwm * » fife l t a, 
[ooi8] *GAs*raiit**eftfl:4M& 
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M<OiI±Cna(?)e«!|ftti:lit4GaNI«rM 
U SJfife£ft/.:I£G a NR<OiEaB±t-«rEaT'fc«o*#flt 

[0 0 19] *»WO#*flt**i6«(±, llUio 

[0 0 2 0] 

$#Qi:li, ^<tiAl«Ga»InzN (0 =S x =S 
1 , O^ySK O^z^l, x + y+ z= l) TiSfife 

aft!»**fMi(i, £oaffc*Mm# 

• ***L"Cv»*MBc*Ottl 0%JBIT (fflU AT? 
20 Zt) As, PiJiO-'S b<7)7C*P<OT 

[0 0 2 1 ] X. aib^SttSli, Si, O, CK 
S, C, Ge, Zn, Cd, Mg, 5f>'Be©Wff 

-?"O^*E!^<0i^i^iPil± 5 X 1 0 17 c m- 3 Jil±5 

x i o 20 c m-*txTimt ntE l mvto i tm#m& 

na**tt**-*-4 3t*0^«i!»(±, «TIE^#I»*«5^ 
Si, Ge, S, S e ^ipSfL^m^Ui L < , p 
ffl#^14«:*-t-&/ci60/f:*ei&J±Mg, Cd, B e <F>ft 
30 tlfr**#iZfti Lv> 0 

[0 0 2 2] X, *WiW#^iJ»t4iSft«i:Ji, 

i><ot-tz> 0 t?iix.»f, *-ft^#^«iSor&i4^(i, i 

[0 0 2 3] G a NliT^ja!^ (hexagonal) 

40 £«ffl-f£o a«k b«lil2 0S?r^L, S?lifL 

( a = b) z*ib\,z-&£?z> cmt^m^mx'h^ a 

ttt^L<^^ ( c + a) o attt b«^i»fC-l±a b® 
V^mimi'1®lz*tfa&&!j:<%Z,ff>-(:i> 
ffl3c1-^.o CtL^fR^dttti-^o i^a, a, b, d« 
li, a, b*«»fC*»U*«a:S:»3e-C***»*tft;tt«: 

^ h Z it h liSv^za^T*^ </\> 
[0 0 2 4] — ocO^Ffi 1 ®^^ 4 ocojg^ ( k l m n ) 

50 *«a«, btt, d«, cW^i.ftOflR.^iboe*** 



-4- 



7 

a/k, b/'K d/nn c/nT-Wtv^Ctt-* 

a, b, d«li¥BrtU*iit4%Riffi*-C**j»» 

b. k, 1 , m(i®tlT-^ < , fCk+ 1 +m= Ot* 

n & 4S„ ^>e> 4 otOjlfOi *>«T 3 o(:ov>T (±IU 
[0 0 2 5] «*«>E*tiJi (-) TfESW-So 

ojiSctiBii:»»«:o*»-9 0 «ai<a#tiii [•••] -c*<b 
fet. ***ttii< w*t<biittA3fc«> 

a* «a i a ft * fc l >t „ ^^t^oi 
± ^ i ^ t ^-roantww ua* •) * 

■*-<TttA¥*>ft* D-C4*4„ L*LS*«)-LU*Hll 
[0 0 2 6] <GaNl«SM>tf, Mlt®)* 

mw^-^m^^m-thtztb^ *<r>$mi-mvto* 

[0 0 2 7] COnSGaN*«*l|jt1-*IROiBf** 

ft, 7rt7 hBtv^otiAtt/jfrt^iS&B 
(SERB) WWliV'i, :«7Tt7 hBfcfc*» 

ft}§ ? *tBf jeoffltufc-fr $ ■* * - fc *»-e £ & o £ <n 

7r±y HB«5*«LfcaH*l4, ttAfcffi (=<Effi) O 

[0028] io*apKofcPfi**<o3g*ttc 
iot, 7r-t-/H(0»K41H, SnEK*>*:PiS» 
*#K? Hftkti *§£\ 7 7^7 h B*»JISSPK0XB8 

[0 0 2 9] ^0«*ftO^RHHt«r^Ai-««:«i: 
4 »»r K , & A (i£4ft A «>Ji 4 CftlJ A 



* « 

(5) #12 0 0 3- 1 3 3 6 4 9 

mz^ ft&Btnxf&mmmiSLZti&o tit, cos 

& it L X J&S £ ilfi 1 $ * h Z. t **"C » -2> o 
[0 0 3 0] I!P*>. /W K9>f KStffiftftft (HVP 
E) SUiO, 3£if*f£2 UCnIGaNI2 2 
fi2-££<b£. 77-t-yH 111-221 I2 3« 
70 StOSICSi: LtSffit^ J: -) Ctft^o fog 
*, HI (a) Oi^i:, XliOKliB^ttflB«rKo|EI 

10 0 0 II ®2 6 LfcW**^ h^>fr« 

[0 0 3 1 ] HVPEStv^Oli, 

fcG ai^CHC 1 2fx£(fc§i£frJ: ^ tz U RJctfptf) 
T8M&KG a NJf 2 2 £j£g£^&£460^f$:2 1 £K 
ttT, NHs*ifc*atfJ:9ULTii<o *Lt, *P^r 
20 U:Ga^n (Uttt) CHC I ^ft^^G a C 1 
£^l£U T*^3i»), TKNH 3 <hS£^^GaN 
IGa N & <t 9 Lfc t Ot* 

*• 

[0 0 3 2] X. 3£#2 1 £ LTfi2 <t (1 1 1 ) 
GaAs^xMS;i^: 0 I3£b(i tf *y P = 4 0 0//m 

Pttiotv^o lOGaAs^x/Mi, GaN^S 
ft$-^T. »JEi-*nfflG aN|220^f >^y h 

±EIHI*U*tJeLfc||P*l»oS i O2O-7** (§gp 

[0 0 3 3] o$0> ^^^Oggpgpti. GaNiftSO 
[1 - 1 0 0] ^IpH:: 5 ???*:: 4***9^ tTy^P = 4 
0 O/zmt^ h^^y«Efi$tiTi5^. W7^^co 

WPt. *MT-(i. BBS* 5 4 0 0 /4 mtX F7>f7 P t^ 
C t (I J: 0 G a NS«^ftl L7t«ov>T 
lEa-f***. ^pgpco^PS(i4 0 0/imt:lil^*f{i* 

Sil<li2 0 0//mtt±, 6 0 0//mWT^J:v> o 
[0034] yr-tyYm 11 1-221 12 3***111 

Ltz#tmt\ (jss*^) k 

#v^rti. *ffiSA^5fe^aiSL/c#ra2 0 0 1 - 1 0 
2 3 0 7-?-l£«t:»I(:B^Ltv^ 0 ftU, jRftB#tc 

50 K-e>^-r*^ fc-e. «mu B B ^nitt 
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[0035] 7r-t-y hm 111-221 

aNg B B B oM*»it.5.CtT- t HI (b) Oi^i:, 
l±(-&$3 Omm«nIGaNi2 2(Z«t^-f 

■b y h7^«|iJIEL<ffM£*i, X. v 

[0 0 3 6] ;WnlGaNi2 2CJ:4'f>^h 
4r, t) ^ErflOlLTSiJT- (nl 

GaNM) 4r#*<, 3E(-, CO?iH-4WlS7jnX LT, 

mi ( c ) <nmmmTkvFm\ u) o±®it-i$n^ 

JcffiT^il^ ff£ 3 5 0//m<On 
IG aN^&l OtmbtlZo nlGaNil 

i oosm^wbu, 1 izxox, mwzw- 

mitix, iizm*sm%Vimt-tz>ztj) s X'£z>o hp*., 

[0 0 3 7] ft, Z<Ofmti. lit? (0 0 0 1) mtt 

*7*nv-7) f ¥iIT-&#(c&&£#>(::fi, (0 0 0 
1) S^"be^^(6]iC0. 2-1° 60^HT% *7A 

/Mc£& <fc t (--r&Tcabt-ii, 0. 4-0. 8° co&B 

[0 0 3 8] COiTCLTfSJWnlGaNM 

i ooais*pa^T^t-si«L^„ mmmxzihtz 30 
mwi*&-rLi>¥-mx%:<, coa^c-tv^c eo*>, 

it2 4 i;^i-&^*£75 5 ^aA,-c-v>.z> 0 
[0039] x, mm<7jmm*2 5 ov^mt 

tcftHzy- > ~f)V tilmlGa N2IMS 1 O^Lx^f 
^'fctToT, 7r-b7 HmtSx7ft;7 r-7> s 
^BUT-ai^Ul,*:,, -?"<0*t*, W£2 4 (C*j-j£-.T|-& 

ft: 75% 46 r * 4" L X v » * t t5*« ^ L £ o - <r>±M. L tz 

[0 0 4 0] w<oa^co^:i:^^2 4 <7>i|6(i;ft 1 0 - 
4 0//m-C-&o£ o ^©I^2 4W<?)IMli, EPD 

(iyf t'7 hfS) 1 0«-l 0 5 cm- 2 ^i:|Eef 
Jtt&oT&'K X, «*£2 4<OEPDIi, ^ttj:»5<> 
3^W±^;# < i^i^i:, a<^?>£ CiW2 
4ti, SBKtt-<T&tffiig B B a :WS*JS (=<Ett*ft) 
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[0 0 4 1 ] :c7ge**I1^2 4 (±*«±«)ffitf>«« 
fclii), mfe.tfEMLX^hm'ktfhitzo IP*>, n 

iGaNiSi orosieicii^-c, ee*f3(it2 

4W|-OlliGa (**'J7A) 7> ? f|£B-f ^S^teT-ifc 
<K <Ett*«f**2 4 0BBJ1N (If) ^tBi"*®^ 
eT-*4*^i ! *o/; 0 X, C03£©»+Si£2 4li, 
:«J:i ftttflt 4"^i6 T «/ » < o fr<DVtm s #> -Bo EP *> , 

<t T ^^HWfi^RiSlttCitLT [0 0 0 1]J|6)<Oc 
» * r E$E L T * £ * o C^i^iCEil 3 

i«2 4ll, TO^i^^^TLT, SfflO^tEgU^ 

[0042] i£, tV/^iiSnlGa NiSl 0 
IZftLXmm (Hg7>y3 6 5 nm»^Srfflv^C 

(±0*19 t«**<>ofc, mmt^y 1-77 ha**** 

•) fcfcBR"C*IMf?3*t4$§# (*5 *^<> 
o fc« Z> < * n4f*1?*4 o 
[0 0 4 3] CO«*$*tfc5&*OW4v»*«2 5(4, 
^ B B a^SB#(; 10 0 0 II EWLooSgLtv^ 

*<y*>xm.m tWfo-tZo X, 8^ 10 
0 0 11 !B***ttlLoo«:ftLfc»«-Ji^rt<>|BI— O 

7- v-t:>7«it2 5<0$I(4, •^•fiS'b t 
tf><7), 0 ,« 3 0 n m^)itfio/: 0 

[0 0 4 4] lOiT^nSGaNlfil 0<OM<^)^ 
*<0*a*ft*ffitt, HVPEfta^fflSICio 
TU<v MOCVDft (Metalorganic Chemical Vapo 
r Phase Deposition) , MO VP Eft (Metalorganic C 
hloride Vapor PhaseEpi taxy) , #^ft^ i:*4rffl V^T ^> 

[0 0 4 5] X, nIGaNSfil0OMW:*« 
gi:ffl^ii#2 1tLtlt GaAsOfCt, ttl 
•) KASttfMS-* ^» v»i±H0J^tt*«* -&^ B B B ^« 4- 

li-ZLliMiM (Cubic symmetry) Of ^ B B a r-*4o 

(111) flB*tt*Ur=E*J«;1tj& t **o 
7-f7, S i C, S i 02, NdGa03, ZnO, Ga 
N, A 1 N, Z r B2^i*<05A^a^<0*«rfi4rfflv»* 
ii:* s r-#-& 0 S i, 7tf?,;u, MgO, GaP&fc'O 
3Llj&%i<0 (111) ®^1S4rfflv^Ct i?^ 0 i 
*tP>(4GaN4r (0 0 0 1) ffit'ffif tOfi 
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[0 0 4 6] IC, nlGaNifilOOM^AO 

-?x?<Dmtiji> 2mmhho —n*^W2 1 oict 

ifOI*3We*i:44o 4 ^-o(i^#:2 lOiCf 
[0 0 4 7] <i l olttii>±iEo J: ^ i; LtM w 

niG aNa«tfflv»T«^Six*tt<fc«iH|#V--'if 

[0 0 4 8] 1. ftftftNHllOT&jft 
Si\ COnlGaNMlOOSIiC, @2^^ 

3**«ftSiL4 0 wOJft«qiffl|Rl 3 
t±. nSGaNSIl OSlCii^t, 20 
1 (H20(E8*tf«2 4i:fiSt4) J: 
OltZfZtiZZil&o dcO^SPPSUIKl 3 ii, nIGaNi 

nlGaNSSlOlOffifiHrti: 

It, S i 02 (Scftv 1 ; n>) «rfl§v*fc 0 
[0 0 4 9] nlGaNltlO^IT-b-AlfM 50 

iOaSrO. 2/zmO*$i:i^J:9(:liLt, Si 
02l^nIGaNMlOO$I«Mtl>o 

ft. If i^s i Ozmzffim^y* h y y^97>ft 

fflv^T. nIG aNSfil 0 JtWO iKfi 1 1 O 

«PP©jm 1 3 SrJKflE-r * 0 IEfl:£+*« 1 1 Oiffitt 4 0 

QjumtLtCo IO<t^:n^tt% ftKfii«12 
55^GaNg B WII«T?o 40 

[0 0 5 0] ft, *it*«]R-e(i*««i»J« 1 3 t It 
S iOa^fflv^ WttUS i3N4*Oy'J n>ft^ 
»^ n^r> (W) , (Ti) &£*<9&JR 

im^n>mt>*^o x. ftit^sswjn 301 

H£0. 2 /umt Lfc/)\ 0. 0 5 ju m- 1 ^ mfiJSt 
3OipI^5 0^m<hL^^\ |Efi* + «*l 1 
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72 

[0 0 5 1 ] 2. HtWiftI^xt:^^yt;HI 
MOCVDSI^ffl^t, nIGaNitlOC, VS£ 
JI^ONHs t\\\mWM<OTMG a ( h U ^f-IP^f'J * 
A) XttTEGa (FUf ^^^A) K-'*> 

I^t'JT^t Ltfflv\ ^SSJK 1 0 5 0Ct\ 
If 3^m^nIG aNilOl tMt^o O^T% 
8 0 0TC^fifflST\ ±IfiHfl-U I I iSHKfl-t It 
OTMIn (MJ^W >v">/0 ^SDX. nlln 
o.o7Gao.93N^77 ?lfc±m 10 2*40 nmfMt 

[0 0 5 2] 1 0 5 OtC^iSL, T 

MA 1 (h'J^f^r^^-'JA) ifcfiTEAl (h 
>jxf^^»)A) OIII&lKflJSrJB^ 1. 2^ 
mfOnlA lo.iG ao.9N^77 Kl 1 0 3 SrJBflEi" 
£o BtrfEna^*E^t ITS i ^ ? 5 X 1 0 17 c m- 3 - 1 
X 1 0 19 cra- 3 (;^^i:oi:Kwo hSftSrHSEL 
fco |l^nIGaN»O110 4 ( S i 7M«ft 
Kl X 1 0 16 - 1 X 1 0 18 cm- 3 ) S:0. l^mOilf 

[0053] ^sss* 7 5 oTCi-creau 

3 JHJWO, |J|4nm(7)Ino.iG ao.9N#pitiH 
8 nmO I no. 01 G a o. 99 N»I1^ hm$L £ tltzffife 

m (#**T*mint) 105*. 
j3m<nm-fi<w&&mz, siha (s i^ttwsftfii 

X 1 0 16 - 1 X 1 0 18 c m- 3 ) SriAt^i^CtSo 

[0 0 5 4] 9 fcrStiJl 1 0 5 CA s&ffitiUZH 

^S^IiAsHa (7^y>) XliTBAs 
'jrf^7^y>) XiiTMAs (FV^f^T^y 
>) Sr. 10 5i:P rt^n £ ti&m&l* P H 

3 (^7^) XJiTBP (^-yt'J/fm7 
-f >) XliTMP ( h 'J ^Jl/**?* >) SftJB 
1 0 5 (IS btim&mZtl&m&ltTMS b ( h ■J^'f-A' 
T XfiTE S b (b»jxf;P7>f-t>) 

Sr. -f-tt-P*L*Jn-*-4tAv*o ifc, ffittSl 0 5^1 
ft?*L*BI, NSfl^Lt, NHs£Jl^:N2H4 (fcK 

K9v>JR£h *4v»lixf^7y K&4W7v Kllfl- 

[0 0 5 5] SttSl 0 SKItSWlOI nxG ai-xN* 
f#pt*t-&*^ S^rSttHl 0 5(cAsX(iPiS 

v^o lot ±ISI nxGai-xN^±i«7Cftf^ 
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[0 0 5 6] ifiMSfftfi o 5 o t; t 

Lt, JP*2 0 nmOplA lo.sG ao.?N^t »J 77' 
0. 1 p m<D piG a Njfc^f'f KB 1 
07. 0. 5 mOplA lo.iGao.9N^77 KB 1 
08^0. 1 ^ mOpSG aN=i>?^h/fl09 SrJK 

pii^#e»t lt«»:e t cp 

2Mg (tf^Ji^^v^ ^ -Jjzzz. >P"7^*v»> 

A) ^|V\ Mg^lX10 18 cm- 3 - 2 X 1 0 20 cm 70 

* yX-jUv^^y^A, bf X ^ ^ )V > y~ n > ^ yx 

[0 0 5 7] X, P SGaNn>^^M109OpI 

»ISS:^<t4W s »iL^ 0 COC^UJ: *9 p^g 
1 5 *ff2j£-f *Rlon>*? hJStJL^i&i^i-^o X, p 

9**Srl»*i-43tA(^ pSiSftcatO^f^ 20 

[0 0 5 8] Z<D£ilzLX, pIGaNnv^^M 
1 0 9 HMl^fi M0CVDglO>J7^^-|*I^ 

t/WK^tltTS*Jo SSfiS?5 ? 8 0 0Ci:aL 
fcWjflfC, NH3 0ft*&i£ffjkU 5#Hk 

StftT?«o i^«iaSli6 5 0Wf>9 0 0t; 

[0059] znxoizLrftSkztitzmim^i&m 

<K MOCVD^^^x/N-l^iL^OpI 
fcA. fltft*+"C^pfflft(OiRFtt**atS*t*o X, pi 

a*opift7--^3i t a^wtfffeft& M g 

[0 0 6 0] nil ho.07Gao.93N^77^Kit 40 
1102(t In&*£Jta*0. 0 7Wt*oTti*? 
&V*U nSlnGaN^77^M1102g^ 
<T&*»;b&v> 0 X^frLtttfh, niA 1 GaN^77 
KB 1 0 3 t nSGaNiSl 0 iO^g^^l 
:«0nIInGaN^777^ikil 0 

s i oftfriniG e Sffl^rtf^iK 

[0 0 6 1 ] X. ftteB 1 0 5 ti. Kigtfei *) RK 
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3i«:R6f, 1 0BtlT-e*it(fBHI«SE*JK^e 

[0 0 6 2] X, S14B 1 0 5(±, #pitBli^S 
BUS i*«BfK**iP**Lfc«J*fcS*tfc*«, *®.Vd& 

m\\$ii%^mi&tLxi>m*>%^o l^lst**^ s 

i Oi: ^ &/F$£$W%t4B 1 0 5 UiSiraS tiZJj&fSit 

li. SiJSL^McO, C. Ge, Z n £ <fc 0*M g O^FM^ 

v^o X> CO/F«!»ScoiS*0*Oje«ii. I51X10 17 
-8X10 18 cm- 3 lWiLv^ o IC, *ttW**i8 
*D£*t&Bti. #FBi:»mBOMBURB^T>T-^^B 

[0 0 6 3] X, plAlo.3Gao.7N^t'J7yD7 
^B 1 0 6 (J, ^oaj££SlJ<7>*><0£ Lt«t»^v^ 0 

flJSttlSUi&teB 1 0 5i:^-ySr4i^:tW 
n o ^ pIA 1 GaN^t'J 77n 7^11 06g 
fti*4<ttifoiv^ :OpiAlGaN^t»J7 
7*n 7^11 06 Z1£lfttWHfcV>ffi&Bt&&< & 
*o -tU3\ pIA 1 GaN^t'J 77*o y^fl 0 6 

X<kZ> 0 

[0 0 6 4] X, pIAlGaN+tV77*n7^il 

0 6<OAiaficM*<tSiti:iot, *-v;to 

(i\ pIAlGaNirt , J77'D7^510 6^t 

[0 0 6 5] X, n MA 1 GaN^77 KB 1 0 3 £ p 
IAIGaN^77K1108iLT > Alo.iGao.9 
Ntt***fflv>e>*Lfc3»», A 1 O»j£Jttf*0. Hl^ii 
&A 1 G aN3x*Sfl^aboTfc»*>£^ 0 A 1 tf>?£fi 
Jt* f *< *4i:«ttB 1 0 5 ioxW-?t^« 
9, +t'J7^ffi6iio 

o f *oHi:a** t «l#s*t-&iiKi-eA i&/&it£/J>$ 

<-fttff> niA 1 GaN^77 KB 10 3 SO'pfiA 

1 GaN^77 KB 1 0 8 -tti^tiX'?)* * U T&WiBt 

[0 0 6 6] :ot^ niA 1 GaN^77 KB 1 0 
3<Off^£. 0. 7^m-l. 5//mi:t^:^r\ i 
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art**- w&mttitiofuz&tbnmtfWL. u— f 

•&„ X» nl?7 7 K^l 0 3WpI^7 7 
HlOSr, A 1 G a N 3 7C7SJI t Lfzt>\ A 1 I n 
GaN. AlGaNP, A 1 GaNAsf«47C!lSi 
LT&fi.v\, Ml-, pI^77K110 8li, S^lStfi 
£f&«-f &£i6!;, plAlGaNitpiGaNiA' 
e»44fi»f*a, pIAIGaNStplIn 

[0 0 6 71 X, nIGaNMlO±CH»#«ft 70 

mzmm-rzm^ mocvdiicj: z> m&fcmmk 
tm^btiziiOtLtzfiK $m0u=.e**y-ft (m 
be) , ±mLtznvpE&&m^t>i\xi>m*> 

[0 0 6 8] S£v>T. _hiiEOJ:TlcLT^ft»*»#:^ 
©#i* s nIG a N36«l 0±i;ffM£*v£it:'7 ^ 
^MOCVDM* , ^')lilLfci, aftw^*ffu- 

■f ^^f - y 7'«c*ni-r * fatxD&m-r z> & yn-txig 

7) ? &£*t& 0 c;T\ H2<OJ:otc, piAlo.iGa 
o.)N?77K110 8 ti&Mco M y v X h 7 -i t 20 

[0069] zwxoklx, mim^mftu— tfm? 

Srf*«L»i.fcJ.e->*/NOaffi«, JSftWMRl 3 it 

Sit 4*o coJ:-9ULr»e>*iA:affc!»#i|[<MiU*i 
v^T, ^fc 0 ^^r->-V^)*ft^#n7cfi6;SWJMl 3 it 
±£L^Off» (J01T> riif^*->-v^*ft»»J tvf 

[0 0 7 0] .i*u±, jftfttwuni 3K±»:4**fL* 
D0»jW&# t«MD LT v»* fc*, tr * * •> * 
friiK U y x h 9 -f LTSH^A (H 2 <07i 

hftho X, GaNSSl 0O^Hi-ef5UftLTv>-&<g 
©75*figgPPSU^ 1 3 l<Z X •) , G a 1 0 0±gptCfi 

Si" £ tT 9 * v -v ^fiScftSBfr^ifcifc £R£ih LTv>-5> 

S*£i@x.<5>- fc*<»#tf>G aN.Ml 0 O&mLtz 

[0 0 7 1] X> CttAfffttl lfliGaNiSl 0 

f&mwmm 1 3 *m&m#mit 1 1 ±u?g* in 

ffc»#3MW IWGaNSS 
1 O^SM^^i-^-tCJ: l)ii#OG a®-t<0/£g 

flu i iaMftj^B-e * & o 
[0 0 7 2] 3. m^-ffcT'D-t:^ 50 



t$ KJ 2003-133649 
nlGaNiSl 0 t-*t LTTk^frUTfcSrffl 

2 5 (HI) ttt'S nIG a N*S 1 0 ^ftffltl.^ 
-ft-Utt, "J -y h 5 ^ 5 * y Hr 2 

5 <r>m.± t «r -s ttaujB* $ n.^^ i-jcnci: Ti^a 

tU' 0 >TH(±, *7-t>^««2 5**flfeO^S 

T, iSJK7>7-t > x«i£ 2 5 lzmW)W. : <M.-t> t tiiti& z\ t 

[0 0 7 3] •) y vX h ySCIi, J^tT^ i^MJD*® 
J:<9> pIAlGaN?77Kil08O^tiT-?:X 
h 7 -f gp53- $r A L T J. y f- > rt & Z. t IZ J: *) , 
f^S$^o d-T\ X|-7^7lUl-3,,m, <tfi 
L<i±l. 3-2^miU L i7fy^IIOpI 
G a N7T-f K)§ 10 7 ^fjWSlli, 0-0. 1/zmt 
L!t 0 -e<0f*, 'J y F7-f 7 , SCmoSC53-^*6#^ 

1 1 o zmm-rzo zzx\ &mmi 1 o t lt(±a i 

G aNJrfflwfc, x y ^ > ^ $ tt"f i:^fcpIG aN 
1 0 9(±&ffiL-Cv*£<0-C\ iOpIG a 

Nn>?y niogso'itu loosiic, p 

€tl 5t5 j P d/Mo/A uONU9fC^*$*tTf^? 

[0074] femmi i o t LTti±ie^i-n 

«15<7)##tLr, Pd/Pt/Au, Pd/Au, 
X(±> N i /A u<7>ffift.frfim^b1XXi,ffit>%^ 0 
[0 0 7 5] II:, IO±Ti:plil 5«?tlfc 

[0 0 7 6] f U, n5tl6)5 5 , nlGaNitl 
OCO^ffiOHH f /A 1 O)H$t?M?fl4 0 :<On5S 
16<0#fttLt, Hf/AI/Mo/Au, H f /A 
1/Pt/Au, Hf/Al/W/Au, Hf/Au, 
Hf/Mo/AuOt, ;tlt)«n*f)H{i:Ti, 
Z r l»fi#»x.^fg;6*t^* J fflv»<b*tr>{>ait>4v^ 

[0 0 7 7] COnSSl e^tfbn/wXtf 

e7JC/^(± > 'J y v^. F7'f7'7j|6ll:nLtil73|Sll:f 

P3?*i.^c:i:T% *SSS6 0 0 /1 m<07r7' l J • -^n 
-^WSSft*. i^a, *SSIS(±3 0 0 ftmfrh 
1 0 0 0/<mWi L^o C:<7>X®tc«t i) , zcfry^^ 

urn * <nmm*mw v - -rm^m 

(Dff^itiofco X h 9 '7*^'[pJ3) s < 1-10 0 >^[6) 

tc & oris? ix7^fc!B?#«ft w - ■vm^vy&n&m 
mt. mt®*&wmM><r> 11-1 001 mx*>z> 0 m 

xf-7x/^ffii:Xy7^A-CJ:l,ffi§IA f 
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■Oil htlXfrb9§fflZ)XZ><F>X-\$ti: < , xt'^i/MO- 
[0 0 7 8] ZVXolzLX&biXtz^-Viny Y7'V 

ti^DFB (Distributed Feedback) , EflH&^TJ*** 
ffCO^I-Utxtt^ti-fcDB R (Distributed Bragg Reflec 
tor) Al^f.iir4ifci^„ xe-Ji^BSil 

i£$ii.fcf£, .ro3iWK7 o%<7)R%imz%-t-2>s i 0 

ft* „ RlflR 4: LT, S i 

[0 0 7 9] J: 7 i: LT»f>ti?.^'-«07 r y ') 
• ^n-&iIS|(4, nIGaN*Sl 0±i:fi$W 

a, n 3 <7) 4 0 1-. atfl:****** 402 w&t&mm 

1 3 Oit±-e«S^-3WT*?*L-f , J&KPPiMffll 1 3 <7)E-hW 

-ft? 4 0 1 tftftti, 
[0 0 8 0] I> afb»¥*#«OWP*0 3O»a-J: 
*) <>)?< L£i#, 04XI405O4 ^ BPo, 
B 4 T(4, aft%**#S 5 0 2 4tj£«*PtUK 1 3 Witt 
±"C«f'fr?*i.** f . JftftHMNRl 3 <7>iS±<7>^*£ 5 0 3 
KiiHT, aftt/**#§ 5 0 2 0*®±i-e«L7t^ 
5 7^Atfit5.X, :©f«5 0 3 U45V»T, HI 4 
Oio fc % SfiWJR 1 3 ±C^i 5 0 4 5 

»^t*«o -<ot§, j&k9p«iki 3 mnmmzm®, 

[0 0 8 11 X, 15 -C(4, 6 0 2« 

«»IWI!1 3 01tt±t?*^*|-S-Safctt]Ri:S:*o 4 
cT, i4i^t), jftftjqiMlll 3<7)itt±<D«^6 0 
3 IZ&^X. 2ffc%#S#S 6 0 2 O^M±iT-jSLfe 
?7'^A s WlS?^^o X, :oi«6 0 31: 

0 4 4r*-r4»£-fc*4o 

1 *mfc-tz>° 

[0 0 8 2] 1C, Z.<F>'&^ ±««/<-ttW7 7 7' 1 ) • 

9^^»«)iaTt;ta:flii-*) £ieeu mm^mfc^ 
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— f #T-<OlfiliSW= 4 0 0 MmtZ&XolZfrm-t&o 
i>ti>t* nIGaNiSl0i:iit'7fP = 4 0 0^ 
mT-tett*»f«tt2 4 (HI) **E«$*i.T^4 0 ft, 
/^07T7' I J • <*«n LT, a-ffc** 

«W*», (Effi*«fSI«2 4 0tr-y^POSEftfflrX««Ea 

[0 0 8 3] -<75 4 1 iz LTD 2 \Z7fiZil2>mt%B*& 

70 4l£&£:gIIIftK$IJSPL;tnfflGaN£«l 0 £fflv>, 

Ktt*«p-**i 1 ^fifeftitpsijiiii 3t;4 0 teat, f&ie 

r, u— <fmyj6 0mw, #b$u&j£7 oro&tto 
t, 1^— »f««Mr 5000 nmx±.i>mm. £ *t£o 
[0084] *nmi&mzis^x. &mmmmi 3 

OMUSrO. 2 j« mi: L7trt 5 \ Ztuzmz> i> <F>Xli& 
v^o Jfcft#P$IJJgll 3<nmi¥Z 0. 0 1 // m^t> 2 mi 

20 #, (fcftJfpSlJIBIl 3<Djg|ff# ? 0. 0 5 j«m4 l)»v>* 

R#P$IJ§ll 3 t LX^m^mbtl^^o 

[0085] j&mwmm 1 3 nmma^ 0 . 1 M m 

4 •) t^v^-a-, dIG aNMl 0 fcJSgitpifflJRl 3 

<Tt, ^ftttJIMIKl 3Jy.H<OG aNSil 0<O*S± 
tcEtttftft-rififfclfe^fM**, ^«WftIJ)»l 3 tG 
30 aNitl 0 t<D®{ZX-£2,&m<D§miZ£2>fWMilLffi. 

[0 0 8 6] 4 oT, AAMIMII1 3OR9«r0. 0 5 
M m&±., 1 fitm&.TV&PFX'ftm-rZZtiZSLoX, 

i&mmm 1 3 trm u *t, :«i7« 
ft»iMi 3 zm-fzmim^mte^-ifm^zis^ 
40 x, &&ti^-i;>yiz&iir&&i&zm?-m$i*mt>ti 

[0 0 8 7] <*2<9tftISE>M«?)J: ; ji:L-rM 

n S G a «: ffl v> xmft $ W - tf* 

^<7) m 2 <D m&MWi i:-3V>t, El® t #bb L T JSIT »= 

cr*^ f t ynt^cov^ii, m 1 <omxmm t mm. t 
50 [0088] ^njfe^sr-14, * 1 onffifm tmtt 
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•K $£E**^it2 4 (01) SrftaniiU, nl 

tmm. if. nIGaNI«10^f-iSfg 

Si 02*0. 2 ftmVmZl-K&Zol-WWLX^ S 
i 02|g£nMGaNg«l 0O«Ii:Mt4. 

ItL/:S i 02lH£(Brt5E&7* h U 7^77^ * 
ffl^T, H6 (a) OliC, -€"<7)raiS* ? 5 ^ mtlo 
fgrtH 0 / *m£&.S>l&SWlS1JJg3 0 1 Sr, 3o|i; n i 70 
G a N£« 1 0 ±<7)teS*4 3 ffii^ 1 1 Z 1 \Z 

[0 0 8 9] ZftZilZ, m6 (a) IZfsUr X 0 \Z , G 

aNifii o<r>tetfc*«H!l« l n:, ±^o^ffi-e^Jf: 

0. 2 //m<Ofi6:g?PS))Ji3 0 1 tfT&f&ZiX* t, MOC 
VDCTtfflv, Hfff, 0 0 OttniWG 

a NJK£)£:g£-t!r£o iot, 06 (b) 
IC, fiScSWJIH 3 0 1 P^COO 5 ft mOMUfr h G a N*£ 
S3 0 2i4 ? [0 0 0 1] ^[6]tC^fti-^o G 

a n&ji 302 nmmmk&ZE&K&tkn^n iz%otz 20 

W&.tK&o -eLT, MOCVD*fEC#OE»t7 
0 T o r r KT«f , £1S*S£ 1 0 8 0 tfffD f G a N$S 
b%3 0 2 SrJ&g^-tf&c 
[0 0 9 0] lOti. EI6 (b) Ki3V>T\ nIG a 
N*t&3 0 4 (ifiKSPP©JIIS3 0 1 tcfea$*VTV^v^ 
53-^^<7>fiS;Sffl555-C s *)f). I<OnIGaNl3 0 4 tC 
linlGaNiftlO^tefit^l 

aNtt£3 0 2©>fi:tt, [0 0 0 1] ;fr|fiJ<Oj£;««HC 

*f LTsp*T2fl*HUEtt3 0 3 jFSIifcjWlTffft-r *o iO 

L^Lfctf*^ [0 0 0 1] ^riSjOrtftflUcitLTSitt 

iamw^osftjmiii, -o«5fi:3 0 3(± 
[oooi] ^r6]n«-L-cs*^^-[p](;ffi* ? ^o 

7r-t7 Hfil, (1 1-2 2) WTkXJF (- 1 - 
12 2) 4«ftjH|i4oT«ftti 0 
[0 0 9 1 ] COiiCLT, @6 (b) cOi^Hdhfc 
G a N $dbb 3 0 2 **ftftL 
tfMEiiU 116 (c) i^tiii:, Sfi»aK3 0 l 

eST^4niGaNI3 0 4 ^flt^W^J&g-f & - t 40 
Cict, i<Oi T i:G a N^ B B a 3 0 2 Lt4t 
ZtifzG a N^fcf^v-^MRSr&a-rS nIG a 
3 0 5tf ? Bl&$:ft.£o iOniGaNl3 0 5T-ftS? 
*t£G aNik>*vt)HlJ, «^|6l^;StcJ; f) ffltt* 
<bflfc<EfiC3 0 6 Zm-fbo X. ffiUfa&Mlzl: 1) G a 
N^bI3 0 2MnIGaNi3 0 4^4^^ 

[0 0 9 2] .T*UCo^T(i, B#^#f«#*#&&g#; 
rVN'f *£l 6 2SI^2 2 0. *mffi2ig«^l 2 
5 1 7 1 la]£-|eW3E£r*$- (¥* 12^12fl 50 
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1 5—1 6 B) 25-3 2Mi~mn^itX^b 0 Z<7)£ 
iCLts nS3G a N2M£ 1 OOSIiCG a 

NR3 0 5O|Eaitt^i:¥tti:4ofc, nIGaNK 

305 in i nntfotemtmmoij&r* 

mZltfCo tot, aft»*i#i3 0 8i»nfiGaN 
IH3 0 5±<Cff£j££*l& 0 

[0093] -^<7>f*. x-v^-y yz&zts:*) z t r% u 
7->^i-7^ygf3 0 9 $ n u — f ss^f-^fta $ 

Oft|Effi**l 2 0±»"Ctfl|*»4v»L, )&g*fpSIJJ5g3 

0 3 Oj£JL-C*> v\, cwiom^ir-, * 

[0 0 9 4] ffi, **J63^®-e(i, ffiSPP*IJ^3 0 1 o 
QB£ 10// mtM/olHJPH* 5 fj. mt Lfc* 5 \ J&K#PflJlill 
3 0 1 iS^ft^i>'fil*[S]^«^'BTte^ipISO f 

<0«ftttttE*c>*t^„ EU Jftft*NH0t3 0 lcoiplli 

1 mJ^± 1 0 n mJilTT-* 0 , J.o. RO^ftfflSIJfli 
30U <7>WPg* ? 1 ft mlJLL IOjk mJiTT-*^. t § 

it^iS. X, fi6WK3 0l!:Sn7(:fS 
SftiG aN!3 0 5 <DmW-i S M m t Ltztf, *<?>m 

mi i -2 o ftmt-tzztizx-ox. wQ-f&mm 

**fMHcJtLTlS«qi»Jil3 0 1 0«#t®«5*4 

[0 0 9 5] 3 0 1 Ottf|-t UT, S 

i 02*fflv»fc**, »10HJ£ff^.t|BHf(-, S iaN4 
^<7)v'; n >it&<®}*?, 9>iTXf-> (W) , 

(T i) *fO^PS*fflv»-Ct**»«:v» 0 X, tSS-T* 
fiKSPPSIJM 3 0 1 <7)«iff?r 0 . 2 yu m t L^* J , 0 . 0 
5 fim- 1 ftmmBtt Ltti*4v> 0 X. «<0^co 

^«wsijM3 o i ii, *<r>ntmmb<otmtit&* 

[0 0 9 6] i^, ^1 2 ^ftife^BT-fi ') y v*^. 

-e-OR»)TNifcv\, X, niGaNifif)«ii 
nIG a N*tROStffiU*«LTft«U^:a'fk!»*#flt 

loti t o mm iz mm z %m l tz m iz o v » r i b^e l tz 

pISa'nlOllMinfGaNMOgili: 
[0 0 9 7] (Stt^tCA s, PiSXV'S bOTC^^5- 

^■★s-itfc**) mixi*m2<7>mmm<o£7i,zLx 
\m$fttm2<T)£oi£m&<r>¥-m>te\>'-*fm=i-ii. m 

til0 5S:InGa N#^® UnGa Nili^t 

VZiitimfct Ztix^bo z<Di. 7 Kftitm l o 5i: 
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*tLT, As, Pis Xl/S b<7)7i1%m?>0 *y'Pt£ < t <> 

[0 0 9 8] KOii, As, P&JitfS b?)7c3£i£<0 

^fcHMEL-T^aiStt* 1 0 5flH^ft< 

Sftfc±IBAs, PRO'S bO7C*»O«?Rl<0&iSU:* 
X 1 1"* £ 1 & l-#F^ON7C»<7)a.fi6;Jt * Y t -t Z> 
t, X £: Y J: •) &/J^£ < £ t it:> X/ (X + Y) 
£0. 3filTtt4o X, X/ (X + Y) i:ot»t(±, 
0. 2flTttSWffiU>o 
[0 0 9 9] X, frlfi7C^#cO^<7)TK^U±, 1 X 1 
0 ,8 cm- 3 tt±t*4. ±j£<07c3£f£0*^0&j£JtX 

*>£o -77, ±i$«7>7C^P<OigfD<7)^SD*An X10'8 

L /w Cfciz J; £ Stimuli <btitc< 
[0100] ClOi^tC, As, PiSiZ/S b<7)7T:^P 
?>7C*£r§1£lf 1 0 5 T-, #pfOS 

fir* u - ■»*-* * <r> * -v -J r K<E3Mfr -hm h tl z> t 

[0 10 1] C*tc>oj»*«i, fc^aWKWi&IB* 1 

4o BP*>, r&tff 1 0 5 KA s , PiiiLKS bOTCfftf* 
0-9*,flnh.*'£*L.4:v>I nGaN|lftWi«:l/- 
■fSfT-fcJt^t", w*tibOx3RP<0-9 *>OMtt^<07C* 

[0 10 2] <#f#**i61^0llfl>±a Lfc* 
l&W iz&tfi, Sift**** v - Vm^f-ilbV vtTvf 
-> % r A »:« ffl L ot>t, 

HlBt#S8LrJaTt=BlW-r*o H7(i, *«{C*J»t* 

ft, *tajT-i±, jBftw**fltu— <f*^-**-f-f^^* 

[0 10 3] @7(C^1-7fer-V^^^aii, *-f-f 
7 0 1 ^nSTjlfiJl-iae?-^^ tzttXDT. \£y h'to*-? 
7 0 2 t, 1t74*? 7 0 1 UU— <fjt4fi?.#tUT«ffi 
Zmfrm-fftHy ?Tv-fl 0 3 t, 3£fi£:#£$lJi8-f 
4IWi»7 0 4 ttttS. ft. *«;»?T»7*7 0 
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3(±, ©Jft[ii8&7 o 4u±oTiEl&$ft£*ia^?>T* 

faX-?|:iot, 1tf-'-< 7 0 1 <OS77|S]l-^» 

[0 10 4] ;f)J;i^ x?^B(-i3^T, ftfcf 
•y ?T ■? y'7 0 3 (± , U— «J-*jfc*ttl*i-4ajfc*#*# 
l'-*'ff^t4L'-fgI7 0 5 i: 1 l/-fif 7 
0 5 rt'feOV' 4 t fc <>(CiItE^7 0 8fr 

wi/- f jt«rjic:^fflS7 o 7^*ai-f 4tr-Ax-/M 

•y * 7 0 6 t , t*-A77 ,| j7^ 7 0 6^f.C0 U— if jt 
/o *»tBLT«m«**W«iBtt7 0 4(:4xSj6tttlS 
7 0 7 t, l/-fM7 0 5^<b<75W--9"'^;?r^;T'-< X 
? 7 0 l-^*< 1 1 ^>IC*t-*^ X? 7 0 1 £R#J-L£V 
— **3fc£tf-AX y; 7^ 7 0 6tr*<ifiM^7 0 8 
t, Ji^M7 0 8 34>'bOW--)f7t : Sr7fcf-V X? 7 0 1 ± 

[0 10 5] ;oti, U— ifSfi7 0 5CS:lt<biX-5. 
^Wm&aft^SflEW— »f*^- (3 3 0- 5 5 0 
n m^ffeffirSft) l±, ±5EL?t«t 0 tC Mtiit) (3 0 m 
W) , iSS^H^* (6 01C) t?$56LTiftL, SSJ. 

4. 

[0 10 6] -<7>J; 9 ^WfiKOTtT'-f X^^fiJCiiv^ 
T, ffi*coie®B#(i, W-Hf'^B7 0 5^<bai*$tL4 
V--f#*», «I»HK7 0 4*»f>OX*nMRt;JE&fC3E 
If-A^/'J v 9 7 0 6 4raaL7t«Ui6fi£« 
7 0 8-eS*J-$tL> ttftl/>X7 0 9 ZMLXHtTJ X 
? 7 0 3±K.BB#t§*l£C:fc-C\ 36f-f X^ 7 0 3 (C-fW 
JO «^SSH4, X(±, *r-*^ X? 7 0 3 Offi^ffit;-^- 
x.-5»^#* J $IJ«lilf&7 0 4frb<OXJjfitmz&ZX$ffl 

[0107] X, If i<OS±^pli> TtT-V X 9 7 0 1 ± 

im U >X 7 0 9 *» L-CiftfifeSl 7 0 8 -csit* 

f£, kr-AXT''; y ^ 7 0 6 £iIL-C;3fc^mSy7 0 7f 

Ottftl4«»H»7 0 4 KJ:oT*IJ«l$*L*o 

40 0Jxlf, Ifi«B#ii 3 0 mW-C, B4ili5mWgSf* 

[0 10 8] *f&WU#*aftW**#:u— 

^, 3l6<7)HIf,fe (Wfe, U— tfllitrn 

[0 10 9] 

m&KffiO** LfclEttifcif *«W*M:»t f»H4itA' 
50 «b, aft^**^«F'9-C-±i:4&li^RO i W^S!cM 
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#*««ffi±uflffctt#*#*7j«flw $ t * , aft 
ii^n^ct £iwr ict, m.im 

^ ^ 9 - y ^ coe^tM^Ofia^H^. C i: * ? T-# ^>o 

[EDI] nlG aN**W>Sa«S*jjrrillo 

[HI 2] flffcfl»**fl£U-***^-<Ort»»*4:*-i-ififii 

So 

[S3] nlG a Nl«±!:tft®*?#Si s lS?lX 
[0 4l niHG aN*S±uaffctt#*<Wa««»3ii 20 
[05] nlG aNSiiClftft^fffiA 5 ! 
[0 6] *2 0Hife»l8UiJ»t*G aNI&AOJfcKjlfl 
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[in?] *ifewoa<b»#*flti^— f-*^*^** 

1 0 nSG a 

i i mzmtpmrn 
1 2 

1 3 &&wmm 

1 4 v 

1 5 pl^S 

1 6 diis 

2 1 

22 nIGaNi 

23 7r-t';H 

2 4 

2 5 ^y-t:>^ffi« 

2 6 |0 0 0 1 1 m 

10 1 nlG a NJB 

10 2 ? 7 y ? &j±m 

1 0 3 nl?7 'v KH 

1 0 4 nlG a Nt^M KJf 

i o 5 mam 

106 JftyTrD^i 

10 7 pIG a nftifj Ym 
1 0 8 pS?7 7 KS 
1 0 9 pM3>?? 



[Ull] [12] 
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[0 3] 



[H4] 




403 



402 



13 
11 



16 



503 




401 



501 



[HI 5] 



A A 1 




J 


1 1 


Ih- 



603 



602 



604 




13 



11 



16 



601 



306 



10 Ca) 



12 "li 



302 




304 



(b) 



' 307 -309 



^ / f Y - 












1 





.14 
308 
305 



(c) 
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703 




704 



02) ±BB Hf*5 

*RJff*:RT|iH«»Kft?femr22»22-f- v 

(72)»W# #*jg| ^ 

*^*KTtTH1SS ; EgffiWr22#22-?- v 

(72)«W# TCPt 

*Elff*El|TW«B ; KS}feHr22#22H5- > 

(72)S&93^ & 

*Elff*IErfi|SJ«lfEftjlbW22*22* v 



<72)»JI§# fcfls 

ft**flWlfi»HMfc-TB l # 1 * t££ 

F?-A(##) 4K030 AA11 AA13 AA17 AA18 BA38 
BB02 BB12 BB14 CA04 FA10 
JA01 LAI 4 

5F045 AA04 AA14 AB14 AB17 AB32 
AB33 AC01 AC08 AC09 AC12 
AC13 AD11 AD12 AD14 AF04 
AF12 AF20 BB12 CA12 DA51 
DA53 DA55 DQ08 HA12 

5F073 AA13 AA74 AA83 CA07 CB02 
CB18 CB19 CB22 DA05 DA07 
DA32 DA33 
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[ & m n su ] 1* «= ft » i 7^<7)2<oa^i-j:^ttjE<7)ffl« 

[IHtB] ¥ 17^5/i 19 B (2005. 5. 19) 



l&ffi *-§■] #B) 2003- 133649 (P2003- 133649A) 

(<2rSH] 15^ 5£ 9 B (2003.5.9) 

[ liilf f ] #® 2001-330068(P2001-330068) 

HOIS 5/343 

C 2 3 C 16/04 

C 2 3 C 16/34 

H 0 1 L 21/205 
[ F I ] 

HOIS 5/343 610 

C 2 3 C 16/04 

C 2 3 C 16/34 

H 0 1 L 21/205 



[ttffiB] ¥$16^7)! 6 B (2004.7.6) 
JE 1 ] 

I « IE n m. -m. 1 £ ] # # m # o ts H 
[ W*Ji l 1 

B B B $ ft * w m 1- * a s w ty r * «■ t , 

IW*JB 2 ] 

«r is j& « ifli m gi <75 b « & m « -e * *> , 

[«*J1 3 ] 

mm&&iZM*m&tztt txi&n h n?zifttzm&*&<D &&mmm& , * <r> m 1 ^ m 

a£A,-CftBif-&<fco K & »t & ft , 

I « * * 4 ] 



(2) 
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M*&ft u - t'tt. 

I is * Jl 5 ] 

*EnS»e*ttti*t4G a N BH CO Jg|I? 1 // mU±2 0 p m VXT t> & Z t * 

#giti-^is*Ji4 i- ib « <;> a ib tt # « ft w - ->f « ^ 0 

[ffi*fl6] 

ttriBj£ftirp$iJlg|coig|I?^0. 0 5 m W ± 1 ju mttTtab4;i t4»*«l 
[ M * * 7 ] 

tt E & ft n « K A s , -/'ia^ft^i, xii, #«KT-*^^t^!if^ii-^>W5R«l 
8 J 

ft* IE J£ ft l*P flJ §1 S i0 2 l, S i 3 N 4 HI . ^ * > §1 , X li , ^^^-Xf-vROv* 

[ if * m 9 ] 

lWEa'fb»**fr**** : f-#Pfl&tt**«'-f4i:i:<)U, teffitt* j»« I n x G a j _ x 

n ( 0 < x < 1 ) iz j: « & $ ft * # ^ e 2> z fc t*ltt 4»*JS 1 ~ fit # Jp. 

8 CO <,» r ft JJMC E ft O a it ft * * ft U - ¥ * ^ o 

1 0 ] 

As, Pi3iO f Sbcox:*pco-7*,^^<i:tv^-rft^c07C«^ s , flfrl£^14^l--&^r$ 
ft&^t£#mt1-£if*]«9lcfBm<^afbtt4 i *ftl'-^«^o 
I M * JR 1 1 1 

utr IB a fb tt* * ft ^ « tf 5 " g aNi«f*s;t^8lita«.i ~ ft * 31 1 0 co v> 

r ft * t= ib * o a ft « * * # v - Hf * ^- o 

[ W*£ 1 2 ] 

afbtt^i»ftg;|R£, aaffctt¥fttta«±tc»»$ttfcaffc frfrttffig 

^tt^ilf:, £ Jiff L £ £ £ & i= a 

TtUBafbtt#Sftg1Scoj|oE±<OTjfrgB% 1 <D & £ W ± & £ feS^ ■£ HW. iz 3 mjt 

m f& ft pp w i a* re tt <b ft fc ttr ib a f b & ¥ % ft at « ± tc m ib a ib » 4^ m ft & a * m g $ 
mrBBffijbty#^ft^^^8^tv^>^j:^#%.b-r^Sfb^^^ft:^-^f^^o 
[ IS * g 1 3 ] 

££#gfcj:1-Slif;ftJfil 2 UIB«co^^^#^ftl---yf^o 

mn&it®*m&iRiztt lx Kit* m t&*> & *:*><?> v yJLZ. Lz^L2lMJL 

ffllB^ftffi^l^OMtc^^gfL^HirlBaib^^^^gU^^gft^ig^^^-y-fc^xfg^ 

[ at * « i 5 ] 

fiM4^igft»«tt> »fflfbW#*ft:M±U»J13ftfca ft ji»<s«j£3 
ft^»aib^#^ftl^-^'*^co$S]it^S{-i3v^T, 

, a -fb « * * ft m & co a « *• n m -t & js a «j «u k * ® « l fc & , 

fg^«W*iJl^^lSit^ft^l!rlBa<btt#*ft:*«±icMiBa^btt4 i «ft^ B B B ^^ft$-ti: 

^it, *riBSibtt4^*ft«^»*i--5-<!:^!if|^i:-t-^afbtt4 i *ft^--9 ; m?-cO^ 

it ?J & o 

imtai 6 ] 
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1 1 » * JI 1 7 ] 

l»SBSit»**#a6«Of£*«Fttji*n!Boe#«Ftt-e*4i:t<>tc, 

ft*«»iJiit4:i z&Wit-t z a at m i 5 x ti it * n i 6 tc e ^oait^;**^ 

[ W * « 1 8 ] 



